
1lllllllllllllllllllllllllllllllllllllllllllllllllllIlllllllllllllllllHlll 
o US005115075A 

Ulllil?d States Patent [19] [11] Patent Number: 5,115,075 
Brennan et a1. [45] Date of Patent: - May 19, 1992 

[54] AIWIDE AND HYDROXYNIETHYL 3.210.428 10/1965 Guest et a1. ...................... .. 260/619 
FUNCHONALIZED POLYETHERS A5 3.305.528 2/1967 Wynstra et a1. 528/104 
THER§1OPLASTIC BARRIER RESINS 3.477.990 11/1969 Dame et a1. ..... .. 528/99 

3.514.418 5/1970 Schwarzer . . . . . . . . . . . .. 528/95 

[75] Inventors: David J. Brennan; Jerry E. White; 4,837,293 1/1989 Si1vis et a1. ......................... .. 528/99 
Anthony P. Haag; Shari L. Kram, all 
of Midland, Mich. 

[73] Assignee: The Dow Chemical Company, 
Midland, Mich. 

[21] Appl. No.: 520,689 

Primary Examiner—John C. Bleutge 
Assistant Examiner-Frederick Krass 

[57] ABSTRACT 
Polyethers having improved barrier to oxygen are nor 
mally solid, thermoplastic polyethers having aromatic 

[22] Filed. May 8, 1990 ether repeating units in their backbones and pendent 
hydroxyl moieties and pendent amido, N-substituted 

[51] Int. Cl.5 .................... .. C08G 59/00; C08G 65/08; amide and/Or hydroxyalkyl moieties‘ Such polyethers 
C08G 65/14 are prepared by reacting diglycidyl ethers of dihydric 

[52] US. Cl. ...................................... .. 528/99; 528/97; aromatic Compounds such as diglycidyl ether of bisphe_ 
_ 523/104 no] A with dihydric phenols having pendent amido, 

[58] Field of Search .......................... .. 528/97. 99, 104 N_subsmuted amide and/O1- hydl-oxyalkyl moieties Such 

[56] References Cited as 2,2-bis(4-hydroxyphenyDacetamide and 3,5-dihy 
droxybenzamide. 

US. PATENT DOCUMENTS 

2,602,075 7/1952 Carpenter et a]. ................ .. 528/104 10 Claims, No Drawings 



5,115,075 
1 

AMIDE AND HYDROXYMETI-IYL 
FUNCTIONALIZED POLYETHERS AS 
THERMOPLASTIC BARRIER RESINS 

BACKGROUND OF THE INVENTION 

This invention relates to thermoplastic polyethers 
having pendant hydroxy] moieties and to articles pre 
pared from such polyethers. 

I-Iydroxyphenoxyether polymers are known to be 
useful in the fabrication of articles exhibiting barrier 
properties. See, for example, Reinking et al, J. Poly. Sczl, 
Vol. 7, pp. 2135-2144, pp. 2145-2152 and pp. 2153-2160 
(1963) and Encyclopedia of Polymer Science and T echnol 
ogy, Vol. 10, pp. 111-122. Such polymers generally 
have only moderate oxygen barrier, i.e., they generally 
exhibit oxygen transmission rates of 2 to 75 cm3-mi1/ 100 
inZ-atm-day. 

In view of the limited barrier properties of the prior 
art polymers having pendant hydroxy] moieties and 
phenoxyether moieties, it would be highly desirable to 
provide a polymer having a high barrier (i.e., oxygen 
transmission rate less than 5 cm3-mi1/ 100 inZ‘atm-day) 
to oxygen. Polymers that retain such high barrier in 
both dry and moist environments would be especially 
desirable. 

SUMMARY OF THE INVENTION 

The present invention is, in one aspect, a normally 
solid, thermoplastic polyether having repeating units 
represented by the formula: 

OH OH 

wherein each A is individually a divalent aromatic moi 
ety bearing an amide or hydroxyalkyl, such as hydroxy 
methyl group; each B is individually a divalent aromatic 
moiety different from A: Rl is hydrogen or a monova 
lent hydrocarbon, and x is a number suf?cient to reduce 
the oxygen permeability of the polyether to a value 
which is measurably lower than that of a polyether 
consisting of repeating units represented by the formula: 

Surprisingly, the presence of the A-component in the 
polyether of this invention results in a polymer having 
thermoplastic character and increased barrier to oxygen 
in both dry and moist environments. The polymer can 
be extruded, molded or fabricated by other heat plasti 
fying means to form a variety of articles such as ?lms, 
bags and tubes as well as stand-alone containers. Such 
polymers retain their thermoplastic character even after 
being subjected to such heat plastifying conditions. By 
"normally solid", it is meant that the polymer is solid at 
ambient temperatures, e.g., 15° C.—35° C. 

In a second aspect, this invention is one of the precur 
sors used to prepare the polyether, i.e., a diglydicyl 
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ether of certain amido-dihydric phenols and N-sub 
stituted dihydric phenols as hereinafter de?ned. 

In a third aspect, this invention is a novel amido-dihy 
dric phenol, e.g.. 2.2-bis(4-hydroxyphenyl)acetamide. 
which exhibits surprising barrier properties when incor 
porated into the aforementioned polyether. 

In a fourth aspect, this invention is an article suitable 
for packaging oxygen-sensitive materials such as food 
stuffs and medicines wherein the article is fabricated of 
the polyether. This article can be in the form of a 
molded container, an impermeable ?lm or a coating or 
an interlayer of a laminate or a coextruded container. 

In addition to their use as barrier containers and ?lms, 
the polymers of this invention are also useful as mold 
ing, extrusion and casting resins. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In preferred embodiments, the polyethers are 
copolyethers having repeating units represented by 
Formula I, each A is individually represented by one of 
the formulas: 

., 

R 

wherein Ar is arylene such as'phenylene and naphtha 
lene and X is amido, N-substituted amido such as N 
monosubstituted amido and N,N-disubstituted amido 
and hydroxyalkyl such as hydroxymethyl; each B is 
individually carbonyldiphenylene, m-phenylene, sul 
fonyldiphenylene, p-phenylene, isopropylidene diphe 
nylene, biphenylene,~ biphenylene oxide, me 
thylenediphenylene, biphenylene sul?de. naphthylene, 
biphenylenecyanomethane, 3,3'-dialkyldiphenylene-iso 
propylidene, bis(N-phenyleneamido) alkylene, 3,3’, 4,4’ 
tetraalkyldiphenylene-isopropylidene, and the corre 
sponding alkyl-substituted derivatives of the other 
named divalent aromatic moieties: and x is a number 
from about 0.05 to 1. R2 is hydrogen or a hydrocarbyl or 
substituted hydrocarbyl wherein hydrocarbyl is a 
monovalent hydrocarbon such as alkyl, cycloalkyl, 
aralkyl, or aryl and the substituent(s) is a monovalent 
moiety which is inert in the reactions used to prepare 
the copolyether. Examples of such substituents include 
cyano, halo, amido, hydroxy and hydroxyalkyl. More 
preferably A is represented by the formulas: 
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wherein each R3 is individually hydrogen, alkyl having 
from 1 to 6 carbons or hydroxyalkyl having 2 to 4 car 
bons; B is isopropylidenediphenylene, biphenylene such 
as 4,4’-biphenylene and 3,3’-biphenylene, or phenylene 
such as 1.3- phenylene and 1,4-phenylene; R1 is hydro 
gen, methyl, ethyl or propyl; and x is about 0.25 to 
about l.0. The copolyethers are most preferably those 
represented by the formula: 

wherein A, B and x as de?ned above, Y is predomi 
nantly hydroxy and Y’ is predominantly 

and n is a whole number from 10 to about 1000. 
The copolyethers of this invention are suitably pre 

pared by contacting one or more of the diglycidyl 
ethers of a dihydric phenol with one or more dihydric 
phenols having the amido or hydroxymethyl substitu 
ents under conditions suf?cient to cause the hydroxyl 
moieties to react with epoxy moieties to form a polymer 
backbone having ether linkages and pendant hydroxyl 
moieties and amido and/or hydroxymethyl moieties. 
Conditions conventionally employed in the reaction of 
diglycidyl ethers with phenols to form ether linkages 
are suitably employed in preparing the resins of this 
invention. Examples of such suitable conditions are set 
forth in U.S. Pat. No. 4,647,648, which is hereby incor 
porated by reference in its entirety. In general, how 
ever, the process for preparing the polymers is carried 
out so that the unreacted epoxy groups in the ?nished 
polyether are minimized. By minimizing the epoxy 
groups in the polyether, the essential thermoplastic 
character of the polyether can be retained. Preferred 
conditions for preparing such resins are set forth in the 
following working examples. 
The diglycidyl ethers of the dihydric phenols are 

preferably the diglycidyl ethers of bisphenol ketone 
(sometimes called bisphenol K), bisphenol sulfone, re 
sorcinol, hydroquinone, 4,4'-isopropylidene bisphenol 
(bisphenol A), 4,4'-dihydroxydiphenylethylmethane, 
3,3’-dihydroxydiphenyldiethylmethane, 3,4,-dihydrox 
ydiphenylmethylpropylmethane, bisphenol, 4,4’-dihy 
droxydiphenyloxide, 4,4’-dihydroxydiphenylcyanome 
thane, 4,4'-dihydroxybiphenyl, 4,4’-dihydroxyben 
zophenone, 4,4'-dihydroxydiphenyl sul?de, 4,4’-dihy 
droxydiphenyl sulfone, 2,6-dihydroxynaphthalene, 1,4’ 
dihydroxynaphthalene, catechol and other dihydric 
phenols listed in U.S. Pat. Nos. 3,395,118; 4,438,254 and 
4,480,082 which are hereby incorporated by reference 
as well as mixtures of one or more of such diglycidyl 
ethers. Of these preferred diglycidyl ethers, those of 
biphenol and resorcinol are more preferred, with the 
diglycidyl ether of resorcinol being most preferred. 
Examples of preferred dihydric phenols having 

amido, N-substituted amido and/or hydroxymethyl 
substituents include 2,2-bis(4-hydroxyphenyl)aceta 
mide, 2,2-bis(4-hydroxyphenyl)ethanol, 2,2-bis(4 
hydroxyphenyl)-N-methylacetamide, 2,2—bis(4-hydrox 
yphenyl)-N-ethylacetamide, 2,2-bis(4-hydroxyphenyl) 
N-propylacetamide, 2,2-bis(4-hydroxyphenyl)-N,N 
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dimethylacetamide, 2,2-bis(4-hydroxyphenyl)-N-meth 
yl-N-ethylacetamide, 3,5-dihydroxybenzamide, 2,4 
dihydroxybenzamide, 2,4-dihydroxy-l-[N-(Z-hydroxye 
thyl)]benzamide, and 2,4-dihydroxy-l-[N-(2-hydroxy 
propyl)]benzamide. Of these preferred dihydric phe 
nols, 3,5-dihydroxybenzamide and 2,2-bis(4-hydroxy 
phenyl)acetamide are most preferred. 

Alternatively, the copolyether can be suitably pre 
pared by contacting one or more diglycidyl ethers of 
the dihydric phenol having the amido, N-substituted 
amido and/or hydroxymethyl substituents with one or 
more of the other dihydric phenols previously listed 
herein as suitable using the procedures and conditions of 
U.S. Pat. No. 4,647,648. 
For the purposes of this invention, the term “barrier 

polymer” means that the polymer exhibits an oxygen 
transmission rate which is less than 5, preferably less 
than 2, most preferably less than 1, cubic centimeters 
mil/100 inch2-atmosphere~day. 
The barrier articles, e.g., containers, ?lms and coat 

ings, of this invention are fabricated from the 
copolyethers using conventional fabricating techniques 
for normally solid, thermoplastic polymers such as ex 
trusion, compression molding, injection molding, blow 
molding and similar fabrication techniques commonly 
employed to produce such articles. 

ILLUSTRATIVE EMBODIMENTS 

The following examples are given to illustrate the 
invention and should not be interpreted as limiting it in 
any way. Unless stated otherwise, all parts and percent 
ages are given by weight. 

EXAMPLE 1 

A Preparation of 2,2-Bis(4-hydroxyphenyl)acetamide 
In a 3000-mL ?ask, a stirred mixture of 155.6 g (0.55 

mole) of potassium 2,2-bis(4-hydroxyphenyl)acetate 
and 1.5 L of tetrahydrofuran (distilled from calcium 
hydride) is maintained at 10° C. and 48 mL (0.54 mole) 
of oxalyl chloride is added dropwise via an addition 
funnel over a period of 3 hours. The mixture is allowed 
to warm to 25° C. while stirring the mixture another 66 
hours. The mixture is then added over a period of 3.5 
hours to 750 mL of aqueous ammonia (11 moles of 
NH4OH) at 10° C. The tetrahydrofuran is removed and 
the residual product is mixed with 1 L of methyl isobu 
tyl ketone (MIBK) and then acidi?ed with aqueous HCl 
(10 percent). The resulting white solid is removed by 
?ltration, and the organic layer is separated and ex 
tracted with aqueous NaHCOg (10 percent). The aque 
ous layer is washed with MIBK (2X50 mL) and the 
combined organic phase concentrated in vacuo to yield 
89.9 g of a brown oil. The desired amide is recovered 
from the brown oil by recrystallization from an ethyl 
acetate/T HF mixture to yield 50.9 g (38 percent yield) 
of a tan solid. Analysis of the tan solid by proton NMR 
and carbon NMR indicates it to be 2,2-bis(4-hydroxy 
phenyl)acetamide. 

B. Preparation of the Copolyether 

In a lOO~mL flask, a mechanically stirred mixture of 
4.87 g (20.0 mmol) of the dihydric phenyl acetamide of 
Part A, 6.98 g (20.4 mmol) of the diglycidyl ether of 
bisphenol A and 8 mL of phenoxypropanol is heated 
under nitrogen to a temperature of 140° C. A 0.5-mL 
portion of ethyltriphenylphosphonium acetate (70 per 
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cent in methanol) is added, and the temperature of the 
mixture immediately rises to about 145° C. To insure 
effective stirring of the increasingly viscous solution, an 
additional 8 mL of phenoxypropanol is added over a 
period of 35 minutes while the temperature of the solu 
tion is maintained at about 150° C. The solution is al 
lowed to cool to 120° C. and is then diluted with di 
methylformamide (DMF) to a total volume of 75 mL. 
The resulting solution is poured slowly into a vigor 
ously stirred blender containing 400 mL ofa 3:1 mixture 
of methanol and water to precipitate ?brous solid. This 
solid is then washed with 400 mL of methanol and 400 
mL of water in a high speed blender. The resulting 
white granular polymer is collected via ?ltration, air 
dried, then redissolved in DMF and precipitated a sec 
ond time. The polymer is collected via ?ltration and 
then air dried in vacuo at 80° C. for 24 hours to yield 
10.7 g (90 percent of theoretical yield) ofa copolyether 
represented by the formula: 

CH3 

wherein Y and Y’ are as previously de?ned. 

C. Copolyether Testing 
The copolyether is tested for intrinsic viscosity and 

Tg. Copolyether specimens (10 cm X 10 cmX0.0l3 cm) 
for oxygen barrier evaluations are prepared by com 
pression molding samples (3.5 g) ofthe polymer of Part 
B between Te?on sheets in a brass template at 200° 
C.—230° C. at 2000 psi (13.8 mPa) for 10-30 minutes, 
then at 200,000-400,000 psi (1380-2750 mPa) for 2-4 
minutes and then cooled at 200,000-400,000 psi for 10 
minutes. Oxygen transmission rates are then measured 
for the samples. The results of these tests (Sample No. 
1a) are reported in Table I. 

D. Additional Copolyethers 

For purposes of further exempli?cation, several addi 
tional 1:1 copolyethers of 2,2-bis(4-hydr0Xyphenyl‘ 
)acetamide and other dihydric phenols listed in Table I 
are similarly prepared and tested, and the results of such 
tests (Sample Nos. lb-lc) are reported in Table I. 

EXAMPLE 2 

A. Preparation of 2,2-Bi-(4-hydroxyphenyl)ethanol 
To a 2-liter Morton ?ask equipped with a mechanical 

stirrer and a half-moon paddle is charged 30.50 g (0.125 
mole) of 2,2-bis(4-hydroxyphenyl)acetic acid and l L of 
tetrahydrofuran (T HF) under a nitrogen atmosphere. 
LiA1H4 (18.9 g, 0.5 mole) is added with stirring to the 
reaction mixture over a period of six days. The reaction 
temperature is about 25° C. at the outset and is increased 
to 65° C. after one day and maintained at that tempera 
ture throughout the remaining ?ve days of the addition 
of the LiAlH4. After a total of 12.5 days, the reaction 
mixture is cooled to 0° C. and 100 mL of water is added 
dropwise to the reaction mixture. The pH of reaction 
mixture is lowered to a pH of l by the addition of 10 
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percent HCl and the resulting phases are separated. The 
organio phase is evaporated to form a solid and the solid 
is dissolved in 500 ml. of methyl isobutyl ketone. After 
washing the resulting solution with 100 ml. of an aque 
ous solution of 5 percent N8HCO3. the solution is con 
centrated in vacuo yield 30.7 g of 2,2-bis(4-hydroxy 
phenyl)ethanol as an orange gum. This gum is recrystal 
lized from 430 mL of water to yield 23.0 g of a light 
brown solid. Upon vacuum drying at 100° C., the solid 
melted and lost weight to 21.1 g (yield of 73 percent) 
which weight loss corresponds to one molar equivalent 
of water. 

Following the procedure of Part B of Example 1 
except that 2,2-bis(4-hydroxyphenyl)ethanol is allowed 
to react with the diglycidyl ethers of bisphenol A, bi 
phenol and resorcinol. Several copolyethers are pre 
pared and then tested in accordance with Part C of 
Example 1. The results of these tests (Sample Nos. 
2a-2c) are also reported in Table I. 

EXAMPLE 3 

Following the procedure of Part B of Example 1 
except that different dihydric phenyl amides as listed in 
Table I are substituted for 2,2-bis(4-hydroxyphenyl) 
acetamide, several copolyethers are prepared and then 
tested in accordance with Part C of Example 1. The 
results of these tests (Sample Nos. 3a-3d) are also re 
ported in Table 1. 

EXAMPLE 4 

A. 2,2-Bis(4-hydroxyphenyl)acetamide Diglycidyl 
Ether 

Benzyltrimethylammonium chloride (0.10 g, 0.54 
mmole), 2,2_bis(4-hydroxyphenyl)acetamide (48.65 g, 
0.2 mole), and epichlorohydrin (400 mL, 5.10 moles) are 
added to a one-liter three-necked round bottom ?ask 
equipped with a water-cooled condenser, an overhead 
mechanical stirrer, and a thermometer with an attached 
temperature controller. The stirred reaction mixture is 
heated to 82° C. under nitrogen for 44 hours and then 
cooled to 30° C. Aqueous NaOH (48 g of 50 percent 
soln, 0.6 mole) is added dropwise with stirring over a 
30-minute period, the mixture is stirred for 24 hours and 
another 8.0 g (0.1 mole) of 50% NaOH is added. After 
stirring for 18 hours, the reaction mixture is poured into 
one liter of methylene chloride, washed with two por 
tions (one liter each) of water, and the organic fraction 
is dried over magnesium sulfate. Solvent is removed 
under reduced pressure to yield an amber-colored oil 
which crystallizes on standing. This crude product is 
then recrystallized twice from toluene and dried in 
vacuo at 50° C. for 16 hours to yield 37.0 g (52 percent) 
of the aforementioned diglycidyl ether. 

B. Preparation of Poly(amide ether) 

The diglycidyl ether of Part A (11.37 g, 61.19 meq 
epoxide), N,N'-bis(3-hydroxyphenyl)adipamide (9.85 g, 
30.0 mmol, 60.0 meq phenolic hydroxyl), and 13 mL of 
phenoxypropanol are added to a 100-mL reactor 
equipped with a thermometer, overhead mechanical 
stirrer, and a nitrogen sparge. The mixture is heated to 
140° C. and 0.75 mL of ethyl-triphenylphosphonium 
acetate (70 percent in methanol) is added, and the tem 
perature of the mixture immediately rises to about 150° 
C. To insure effective stirring of the increasingly vis 
cous solution, an additional 10 mL of phenoxypropanol 
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is added in Z-mL portions over a period of 20 minutes 

while the temperature of the solution is maintained at 

about 155° C.—160° C. The solution is allowed to cool to 

120° C. and is then diluted with dimethylformamide 

(DMF) to a total volume of 100 mL. The resulting 

solution is poured slowly into a vigorously stirred 

blender containing 400 mL of a 3:1 mixture of methanol 

and water to precipitate ?brous solid. This solid is then 

washed with 400 mL of methanol and 400 mL of water 

in a high speed blender. The resulting white granular 

polymer is collected via ?ltration, air dried, and then 

redissolved in DMF and dried in vacuo at 80‘ C. for 24 

hours to yield 16.9 g (80 percent of theoretical yield) of 

a copolyether represented by the formula: 
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The copolyether is tested for barrier to oxygen and the 
results of the test (Sample No. 4) are reported in Table 
I. 
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As evidenced by comparing the Oxygen Transmis 
sion Rates (OTR) for Sample Nos. la, 2a. and 3a-3d 
with the OTR for Sample No. C, the inclusion of the 
monomer (A) produces a surprisingly large reduction in 
the oxygen permeability of the polyether. 
What is claimed is: 
1. A thermoplastic polyether having repeating units 

represented by the formula: 

OH OH 

{QAOCHZCCHZOMBOCHZCCHZOW 
,h ,‘u 

wherein each A is individually a divalent aromatic moi 
ety represented by one of the formulae: 

R2 

wherein Ar is arylene, X is amido, N-substituted amido 
or hydroxyalkyl and R2 is hydrogen or hydrocarbyl or 
substituted hydrocarbyl wherein the hydrocarbyl is a 
monovalent hydrocarbon selected from alkyl, cycloal 
kyl, aralkyl or aryl and the substitutent (s) is (are) a 
monovalent moiety which is inert in the reactions used 
to prepare the copolyether; each B is individually a 
divalent aromatic moiety different from A; R] is hydro 
gen or a monovalent hydrocarbon; and X is a number 
suf?cient to reduce the oxygen permeability of the poly 
ether to a value which is measurably lower than that of 
a polyether consisting of repeating units represented by 
the formula: 

OH 

+aocHgccHgo-y 

R1 

wherein B and R1 are as previously de?ned. 
2. The polyether of claim 1 wherein each B is individ 

ually a divalent aromatic moiety selected from the 
group consisting of carbonyldiphenylene, m-phenylene, 
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sulfonyldiphenylene, p-phenylene, isopropylidene di 
phenylene, biphenylene, biphenylene oxide, me 
thylenediphenylene, biphenylene sul?de, naphthylene, 
biphenylenecyanomethane, 3,3’-dialkylidiphenylene 
isopropylidene, 3,3',4,4'-tetraalkydiphenylene-iso 
propylidene, bis (N-phenyleneamido)alkylene and the 
corresponding alkyl-substituted derivatives of the diva 
lent aromatic moieties. 

3. The polyether of claim 1 wherein x is a number 
from about 0.05 to l. 

4. The polyether of claim 1 wherein each R1 is indi 
vidually hydrogen, alkyl, cycloalkyl, aralkyl, or aryl. 

5. The polyether of claim 2 wherein A is 3,5-benza 
mide. 

. 6. The polyether of claim 5 wherein B is 
propylidenediphenylene; each R1 is individually hydro 
gen, methyl, ethyl or propyl; and x is a number from 
about 0.1 to about 0.5. - 

7. The polyether of claim 6 which is represented by 
the formula: 

wherein Y is predominantly hydroxy and Y’ is predomi 
nantly 

or a monovalent organic terminating group, and n is a 
whole number from 10 to about 1000. 

8. The polymer of claim 7 wherein A is 3,5- benza 
mide, B is propylidenediphenylene, x is 0.5, and n is 
200-400. 

9. The polymer of claim 1 in the form of a barrier 
container. - 

10. The polymer of claim 2 in the form of a barrier 
film. 

8 ll ‘I i i 
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